We report the observation of long lasting yellow phosphorescence and photostimulated luminescence (PSL) 
Introduction
Long persistent phosphorescent materials have been of great interest for applications such as display devices and emergency illumination in dark environments. Until now, intense green and blue emitting persistent oxide phosphors have been commercially available with better chemical stability over sulfides [1] [2] [3] [4] [5] . In addition, some rare earth ion activated long persistent phosphors are applicable for erasable optical storage. Light energy is stored in these materials by exposing it to x-rays, ultraviolet or visible light and is released through photostimulated luminescence (PSL) by infrared excitation [6] [7] [8] [9] . That can realize stable and rewritable high-compact storage. The Eu 2+ -doped Sr 3 SiO 5 system produces broadband emission peaked at 570 nm, which is an excellent yellow phosphor for white light emitting diodes and exhibits excellent luminescent efficiency [10] . However, 4 Author to whom any correspondence should be addressed. long persistent phosphorescence in Sr 3 SiO 5 : Eu 2+ has not been reported yet.
In this paper, we report the observation of long lasting yellow phosphorescence and PSL in Sr 3 2+ , Dy 3+ presents slow rising and slow falling edges as the infrared excitation is on and off, respectively. This phenomenon is attributed to the retrapping mechanism related to the shallow traps generated by co-doped Dy 3+ .
Experimental
Polycrystalline powder samples of employed as the raw materials. These raw materials in the desired ratio were well milled. The mixture was fired at 1300
• C for 4 h in a slightly reducing atmosphere (a mixture of 5% H 2 and 95% N 2 ) in an electric furnace. The final phase was checked with a conventional x-ray diffraction (XRD) technique. Photoluminescence (PL), PL excitation spectra (PLE), phosphorescence spectra, phosphorescence irradiation response spectra, phosphorescence decay curves and PSL were measured with a Hitachi F-4500 Spectral spectrophotometer. The TL curves were recorded using a TL meter (model FJ-427A) with a heating rate of 5 K s −1 from room temperature to 695 K. The 808 nm laser radiation was produced with a laser diode.
Results and discussion
The XRD pattern of Sr 3 SiO 5 : Eu 2+ phosphor is shown as in figure 1 . The pattern agrees well with JCPDS 26-0984, indicating that the obtained sample is in a single phase. Doping Eu 2+ ion does not make any noticeable variation of the XRD pattern. Figure 2 (a) depicts PLE (λ em = 570 nm) and PL spectra (λ ex = 370 nm) of Sr 3 SiO 5 : Eu 2+ phosphor. Figure 2 (b) depicts the phosphorescence spectrum and its irradiation response spectrum, which gives the intensity of the phosphorescence as a function of the irradiation wavelengths in Sr 3 SiO 5 : Eu 2+ . It is clearly shown that the phosphorescence spectrum is coincident with the PL spectrum, both consisting of a yellow band peaked at 570 nm [10] due to the 4f 6 5d 1 -4f 7 transition of Eu 2+ . However, the difference between the excitation spectra of the PL and the phosphorescence is observed. The PLE spectrum consists of a group of UV bands in the spectral range 250-400 nm and a group of visible bands in the range 400-550 nm, while the phosphorescence excitation response consists of only the group of UV bands, suggesting that only the electrons excited by UV can be effectively captured by traps responsible for phosphorescence. The phosphorescence process in Sr 3 SiO 5 : Eu 2+ is illustrated in figure 3. Considering the large energy gap of the Sr 3 SiO 5 host, the group of visible PLE bands and that of UV PLE bands are attributed to the transitions from the ground state 4f 7 to lower and higher 4f 6 5d 1 excited states of Eu 2+ (transitions 1 and 2) [11] , respectively. In this case, the phosphorescence response spectrum means that light charging is performed through UV excitation from the ground state to the higher excited 4f 6 5d 1 states of Eu 2+ . The UV bands may excite electrons into higher 5d excited state energy levels at which the electrons enter the conduction band easily (transition 3), making the electrons easily captured by the traps (transition 4) and released later (transition 5) for phosphorescence (transition 6) [12] . Figure 4 illustrates the decay curves of the phosphorescence in Sr 3 and C, for each of the two phosphors, which are related to the traps with different depths. The TL parameters of thermal activation energy E (associated with the trap depth) could be obtained by fitting experimental data to the general order kinetics formula [13, 14] . The TL intensity I as a function of temperature T is related via the following equation [13, 14] :
, where n 0 is the concentration of trapped charges at t = 0, k is Boltzmann's constant, β is the heating rate, E is the activation energy which means the trap depth, S is the frequency factor and b is the order of kinetics. The TL is fitted well with the above equation, yielding the depths for traps A, B and C to be 0. Trap C is the deepest and the electrons there are not considered to be thermally released at room temperature to yield the phosphorescence, because its TL peak occurs at a very high temperature around 640 K. For the fast phosphorescent component, the responsible TL peak is not recorded in figure 5 because the fast decay component lasts only several seconds at room temperature shorter than the time separation between the starting TL measurement and the removal of UV exposure in this work. The trap for the fast decay component is expected to be very shallow. The phosphorescence except for the fast decay component is, thus, contributed by traps A and B. Trap A, which is shallower than trap B, makes a dominant contribution to the slow phosphorescent component. Trap B is then believed to govern the slow decay tail of the phosphorescence. Based on the TL analysis, the decay characteristics of the phosphorescence can be understood. It is observed, as demonstrated in figure 5 , that the TL peak B is remarkably enhanced in the Sr 3 SiO 5 : Eu 2+ , Dy 3+ system, which significantly enhances the phosphorescence decay tail, resulting in a longer persistence time in the Dy 3+ co-doping phosphor, as shown in figure 4 . The results as mentioned above suggest that the co-doping Dy 3+ in Sr 3 SiO 5 : Eu 2+ generates a large number of shallow traps responsible for the fast phosphorescent component as well as deep traps (trap B), responsible for the decay tail of the phosphorescence.
Strong PSL is observed under 808 nm infrared excitation after the samples are irradiated by UV. The rising and falling edges of the PSL are detected as the infrared stimulation is turned on and off alternatively, as shown in figure 6 . 
Conclusions
We have observed long lasting yellow phosphorescence in Sr 3 would be new yellow emitting persistent phosphors applied for photo-energy storage and illumination in dark environments.
